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SUMMARY – Th e aim of the study was to assess diagnostic value and utility of selected morpho-
logical features in predicting lymph node (LN) malignancy using B-mode, Doppler ultrasonography 
and multivariate settings in a tertiary radiological referral center. Th e study included 123 patients hav-
ing undergone ultrasound-guided fi ne-needle aspiration and cytologic analysis (FNAC) of cervical, 
axillary and inguinal LNs. Each LN was characterized by long/L and short/T-axis, shape, margins, 
echogenicity, cortical thickness, vascularization, and examiner’s subjective impression. Within the 
limitations of FNAC, altered shape and vascularization had relatively high specifi city and positive 
predictive value (>80%), whereas subjective impression had high sensitivity and negative predictive 
value (100%) for malignancy. Th e cut-off  levels for diff erent features of LN by ROC analysis were as 
follows: long-axis 23 mm, short-axis 11 mm, L/T ratio 2.19, and maximal cortical thickness 5.1 mm. 
On multivariate analysis (adaptive regression splines, n=108), the addition of long-axis, L/T ratio, age 
and sex considerably improved diagnostic accuracy (88%), sensitivity (margins + vascularization) and 
specifi city (subjective impression) of the diagnostic model. Th e combination of morphological and 
demographic features could improve diagnostic accuracy, usually with a trade-off  between the sensi-
tivity and specifi city of the predictive model. Th e performance may depend on the level of expertise 
and institutional settings.
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Introduction
Malignant neoplasms are among the leading causes 
of mortality in the world. In 2012, 14.1 million new 
cases and 8.2 million new deaths from malignant dis-
orders were registered1,2. Data for Croatia show high 
incidence and high mortality, making cancer the sec-
ond most common cause of death in Croatia3.
Radiology plays a central role in individual tailor-
ing of therapeutic decisions in oncology. Besides the 
location and extension of primary tumor, the existence 
of metastases in distant or draining lymph nodes (neck, 
armpits and groin) is one of the most important fac-
tors in staging of malignant disease.
For lymph node (LN) diagnosis, several methods are 
available including clinical examination, ultrasonogra-
phy (US), computerized tomography (CT), magnetic 
resonance imaging, US-guided cytologic aspiration, and 
positron emission tomography (PET/CT)4,5.
Ultrasonography is often the examination of choice 
in the evaluation of LNs, whereby LN is described by 
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several quantitative and semi-qualitative morphologi-
cal features. Th e longitudinal (L) and transverse (T) 
diameter is measured, and the shape of the LN is 
judged by the L/T ratio, usually taken as the limit val-
ue of 2 or 1.5. Th e hilum is hyperechoic in normal LN, 
and cortical thickness is 1 to 2 mm. Th e cortex is con-
sidered to be thickened when it is more than half of 
the cross diameter of the hilum. Th e margins can be 
regular, irregular, or poorly delimited. Th e internal 
structure is described by echogenicity, whereas vascu-
larization is mostly described as hilar, peripheral, or 
avascular6-8.
None of these features or their alteration, taken as 
a single criterion, is reliable, sensitive or specifi c enough 
to suspect or refute malignancy. A combination of 
morphological features can more accurately character-
ize the nature of LN4; however, the results often diff er 
by anatomic region, clinical settings, type of malig-
nancy, golden standard, level of expertise and demo-
graphics. When combined with guided fi ne needle 
aspiration and cytologic analysis (FNAC), or with sur-
gical removal and histopathology of the entire node, it 
is nevertheless considered a safe, reliable and widely 
accepted method of real-time evaluation of peripheral 
LNs, even in clinically silent nodes9-11.
Th e aim of the present study was to extend the ex-
isting knowledge on the diagnostic value of US mor-
phological features in predicting peripheral LN malig-
nancy by using multivariate approach to address in-
dependent predictors, their utility and sources of va-
riations aff ecting diagnostic performance and LN 
morphology. Th e ultimate goal was to enable pursuit of 
less invasive methods in LN diagnosis.
Patients and Methods
Th is prospective observational study was conduct-
ed at Department of Diagnostic and Interventional 
Radiology, Osijek University Hospital Center, Osijek, 
Croatia, from December 13, 2013 to April 7, 2015. Th e 
survey included 123 participants of both genders and 
all age groups (range 11-86 years) referred for US 
 examination of the neck, armpits and groin with an 
indication for US-guided FNAC of LN. Patients pre-
sented for regular check-ups due to the known malig-
nancy or were referred by clinicians or family physi-
cians due to palpable LN of uncertain causes.
Th e LNs in the neck, armpits and groin were sur-
veyed by examination. Indication for US-guided 
FNAC was set according to radiological guidelines 
 including palpable, enlarged and/or morphologically 
altered LNs.
Ultrasonography
All ultrasound examinations (B mode and color 
Doppler) were performed upon review of medical re-
cords by a board-certifi ed radiologist (TR) with 8-year 
experience, using a linear 5-13 MHz probe under 
small-parts settings (Aloka ProSound Digital Color 
System, Hitachi Ltd., Tokyo, Japan). Th e examination 
was done in supine position, in case of the neck in mild 
hyperextension (about 45 degrees), by visualizing the 
longitudinal and transverse section. Flow Doppler US 
study was analyzed using the following optimized 
Doppler parameters: low wall fi lter to show slow fl ow 
rates (50-100 Hz), low speed scale (about 5 cm/s) and 
low repetition frequency pulsating PRF with high sen-
sitivity to show slow fl ow (700-1000 Hz). Color-gain 
was optimized individually for better display and less 
artifacts.
Using US and fl ow, each LN was rated with 8 pa-
rameters, as follows: I) regional location (neck, axilla, 
groin); II) dimension in transverse and longitudinal 
orientation of the LN [longitudinal (L) and transverse 
(T) diameter]; III) shape (taking into account the L/T 
ratio of the LN): oval, round, irregularly shaped; IV) 
margins (regular, irregular); V) echogenicity (hyper-
echoic central portion with hypoechoic, thickened 
cortex; hypoechoic, heterogeneous); VI) cortical thick-
ness (in millimeters); VII) vascularization by color 
Doppler US (regular – from the hilum to the periph-
ery, irregular – hypervascularized, hypovascularized, 
irregularly vascularized); and VIII) subjective impres-
sion of the LN as a semi-qualitative indicator based on 
the experience of the examiner (benign, malignant, 
suspicious LN with possible malignancy).
Ultrasound-guided FNAB
After skin disinfection (Skinsept color, Ecolab 
GmbH&Co., OHG, Germany) and visualization of 
the LN with the US probe at an angle of 90 degrees 
in relation to the lesion, puncture was made with a 
21-gauge LB needle (MEDOJECT, Slovak Republic) 
attached to a 10 or 20 mL syringe. Th e needle was in-
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serted along the longer or shorter side of the US trans-
ducer. After the needle had entered the LN, the sy-
ringe plunger was pulled, whereby negative pressure 
was created and the contents of the LN were aspirated. 
Th e needle was moved within the LN 10-20 times. 
Upon completion, the piston was returned to the ini-
tial position and negative pressure was relieved, there-
by reducing the possibility of tumor cell migration 
along the needle’s path. Th e needle was then with-
drawn out of the body. Th e radiologist did both FNA 
and smears. During the study, no signifi cant complica-
tion of the methods described was recorded.
Cytology
Th e mounted glass slides were air-dried and then 
stained by May-Grünwald-Giemsa at the Depart-
ment of Clinical Cytology, Osijek University Hospital 
Center, Osijek, Croatia. Th e binocular light micro-
scope (Olympus BX 40 CY) with x100, x200, x400 
and x1000 magnifi cation was used to classify samples 
as benign or malignant.
Th e criteria for benignity included: I) normal nu-
cleocytoplasmic ratio; II) small nucleoli; III) limited 
number of nucleoli; IV) smooth nuclear membrane; 
V) fi ne chromatin; VI) absence of hyperchromasia; 
VII) tightly adherent cells (except for LNs); VIII) 
clear background; and IX) absence of mitosis.
Th e criteria for malignancy included: I) disrupted 
nucleocytoplasmic ratio; II) prominent nucleoli, in-
creased in size, with irregular confi guration; III) an 
increased number of nucleoli; IV) irregular nuclear 
membrane; V) nuclear hyperchromasia; VI) coarse 
chromatin; VII) decreased cell adherence; VIII) necro-
sis; and IX) mitotic fi gures.
For adequate sample, it was important to have a 
suffi  cient number of lymphoid cells for the diagnosis. 
Th e samples with a small number of lymphoid cells 
and with plentiful peripheral blood cells were marked 
as insuffi  cient for the diagnosis. In case of benign cy-
tologic results, the US and FNAB were repeated after 
4-8 weeks. In patients with cytologic confi rmation of 
malignancy and unknown primary cancer diagnostic 
work-up was continued. Patients with malignant cyto-
logic fi ndings and prior oncologic diagnosis received 
further oncologist attention.
Ethics
Th e Ethics Committee of the Osijek University 
Hospital Center reviewed and approved the study pro-
tocol (No. 25-1:15401-7/2013) in accordance with the 
provisions of the Helsinki Declaration of 1975, as 
 revised in 1983. Informed consent in written form was 
obtained from all participants prior to enrollment.
Statistics
Data were expressed as medians with interquartile 
range or absolute and relative frequencies where ap-
plicable. Fisher, Pearson c2, Mann-Whitney and Krus-
kal-Wallis test with post-hoc Bonferroni-Dunn’s as-
sessment were used for independent group compari-
sons, depending on the scale of the measure. For sparse 
contingency tables, empirical p-values were estimated 
by 10000 Monte Carlo simulations. Areas under the 
receiver operating characteristic curves (ROC) and the 
best cut-off  values (Youden index), along with sensi-
tivity and specifi city, negative predictive value (NPV) 
and positive predictive value (PPV) were calculated. 
Friedman’s multivariate adaptive regression splines12 
(MARS), a fl exible nonparametric form of stepwise 
regression analysis that makes no assumptions about 
the underlying functional relationship, was used to 
evaluate the independent signifi cance of predictive 
factors (earth package13 for R software14 v. 3.3.2). 
MARS is particularly useful for high-dimensional 
problems, complex structures and fi tting general non-
linear multivariate functions. Th e best model was cho-
sen as the one with the lowest generalized cross valida-
tion criterion value (penalty = 3). As a result, MARS 
tends to produce simple and easy-to-interpret low 
 order models, since it heavily penalizes model com-
plexity. Th e predictive performance was assessed by 
fl exible discriminant analysis (mda R package15), using 
MARS basis function to predict class membership 
(FNA cytology). Two-tailed p-values  of <0.05 were 
considered signifi cant. Unless otherwise stated, all 




A total of 123 LNs in 64 male and 59 female par-
ticipants of similar age [median 58 (45-71) years] were 
analyzed. Repeated US and FNA cytology yielded 108 
(88%) informative (46 benign and 62 malignant) and 
15 suspicious/indeterminate cytologic fi ndings in con-
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trol interval. Among malignantly altered LNs, meta-
static carcinomas (n=34), lymphoproliferative disease 
(n=22) and metastatic malignant melanoma (n=3) 
were most frequent; among benign LNs, reactive hy-
perplasia (n=25), LN tissue (n=16), 2 granulomatous 
and 1 suppurative infl ammation were recorded. Fifty 
(41%) participants had a known history of malignant 
neoplasm. In women, benign cytologic fi ndings were 
more frequent (29/59); by contrast, malignant cyto-
logic diagnoses were more frequent in men (40/64, 
p=0.017), with an equal number of suspicious fi ndings. 
By region, 63 (51%) LNs were classifi ed as cervical, 35 
(28%) as inguinal, and the rest were located in the axil-
lae. Higher proportions of cervical (59%) and axillary 
LNs (31%) were observed in men and women, respec-
tively (p=0.022). Th e prevalence of malignant cyto-
logic fi ndings did not vary by location. Th e participants 
with benign LN cytology were signifi cantly younger 
than patients with malignant LN cytology [53 (40-64) 
vs. 64 yrs (51-73) yrs; p=0.012, Kruskal-Wallis test, 
Dunn-Bonferroni post hoc].
Ultrasonographic features of lymph nodes
Morphometry
Th e cytologically malignant and suspicious LNs 
had a signifi cantly greater longitudinal [L: 22 (16-29) 
and 20 (16-26) mm, respectively] and transverse diam-
eter [T: 13 (10-18) and 11 (9-18) mm] compared to 
the benign LNs [L: 17 (14-22) mm, p=0.0025; T: 8 
(6-11) mm, p=10-6, Kruskal-Wallis test]. Th e benign 
LNs had a signifi cantly higher L/T ratio compared to 
the malignant ones [2.2 (1.6-2.7) vs. 1.6 (1.3-2), 
p=0.0002), Kruskal-Wallis test]. On univariate analy-
sis, cervical LNs had a signifi cantly lower L/T ratio as 
compared with inguinal LNs [1.6 (1.3-2.1) vs. 2.1 
(1.7-2.5), p=0.02, Kruskal-Wallis test]. Th e cytologi-
cally malignant LNs showed a higher maximal cortical 
thickness [7.1 (6.2-7.8) mm, n=15, p=0.03, Mann-
Whitney test], but with a considerable overlap with 
the benign LNs [4.1 (3.1-7.3) mm, n=30].
Qualitative lymph node echo-characteristics
Th ere were no robust gender diff erences in the dis-
tribution of qualitative morphological features. In the 
neck region, cytologically malignant LNs were pre-
dominantly heterogeneous and hypoechoic (33/37). 
Axillary and inguinal LNs with the echoic central 
portion-thickened cortex and hypoechoic LNs were 
equally frequent among malignantly altered LNs, with 
a smaller share of heterogeneous LNs. Inguinally, the 
cytologically benign LNs most often had echoic cen-
tral portion with thickened cortex (14/16). In other 
regions, LNs with the echoic central portion and 
thickened cortex were as common as hypoehoic LNs 
among benign LNs. Heterogeneous LNs were rare in 
the benign cytology group (1 inguinal LN, within the 
limitations of FNAC).
In total, in all regions, regardless of cytology, oval 
LNs were most frequent, particularly axillary (23/25) 
and inguinal (31/35 LN). Irregular (6/123) and round-
ed LNs (19/123) were exclusively and almost exclu-
sively associated with the neck region (6/6 and 13/19 
LNs, respectively, p=0.046) and malignant cytology.
According to the examiner’s subjective impression, 
LNs were depicted as benign (n=29), malignant (n=46) 
and suspicious of malignancy (n=48). Th e participant 
age (p=0.00011), longitudinal (p=0.0006) and trans-
verse diameter (p<10-6, Kruskal-Wallis test), shape 
(p<0.001), echogenicity (p<0.001) and vascularization 
(p<0.001, c2-test) were signifi cantly associated with 
subjective impression on univariate analysis. Th e ex-
aminer’s impression did not convincingly vary accord-
ing to gender (p=0.076), history of malignancy 
(p=0.056) or anatomic region (p=0.072, c2-test).
Lymph node cytology
Th e distribution of qualitative US features of the 
LNs according to cytologic status is shown in Table 1. 
Th e cytologically malignant LNs were usually oval in 
shape and benign. Th e majority of rounded LNs were 
cytologically characterized as malignant (15/17 LNs 
with informative cytology). LNs were rarely irregularly 
shaped, and then were typically of malignant cytology. 
Both benign and malignant LNs usually had regular 
margins. Irregular margins were a less common fi nd-
ing, usually in conjunction with malignant cytology 
(19 out of 21 LNs with informative cytology). Lobular 
margins were equally often found in both malignant 
and benign LNs. Cytologically malignant LNs (32/62) 
were more often hypoechoic; by contrast, a central 
echoic hilum with thickened cortex was a common 
fi nding in the benign cytology group (31/46). A sig-
nifi cant portion of malignant LNs fell within this 
group (15/62), as well as a signifi cant portion of be-
nign LNs within the hypoechoic group (14/46). Het-
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erogeneous LNs were almost exclusively malignant by 
cytology (15/16 LNs with informative fi ndings), al-
though a relatively small number of malignant LNs 
were heterogeneously structured. Benign LNs were 
predominantly vascularized from the hilum towards 
the periphery (40/46 benign LNs). Malignant LNs 
showed a wide range of vascular patterns, the most 
common being the one from the hilum towards the 
periphery. Altered vascularization was moderately to 
highly predictive of malignant cytology (13/16 hyper-
vascularized, 10/14 hypovascularized and 16/24 irreg-
ularly vascularized LNs), but had only moderate sensi-
tivity (39 of 62 malignant LNs).
Th e correspondence between fi nal cytology and 
subjective impression varied by gender: in women, the 
impression of suspicious LN was more often associat-
ed with benign LN cytology than in men (14/27 vs. 
4/21, Fisher exact p=0.04). Th e LNs deemed suspi-
cious by the examiner’s subjective impression were the 
principal source of false positives (18/19 LNs with in-
formative cytology). By contrast, false negatives sel-
dom appeared; as a proof of concept, 98% of cytologi-
cally malignant LNs (n=61) showed at least one mor-
phological alteration (shape, margins, echogenicity, 
vascularization, L >19 mm, short axis >11 mm).
Predictive value
Diagnostic value for suspicious nodal characteris-
tics was estimated using reference categories, selected 
according to the prevailing echo-characteristics of be-
nign LNs (oval shape, regular margins, regular vascu-
larization, echoic central portion with thickened cor-
tex, benign impression). Only the participants with 
informative cytology were included in the analysis 
(benign/malignant) (Table 2).
Two end-groups of predictors were noticed: one 
characterized by a relatively high specifi city and PPV 
(shape, margins, vascularization) and the other by high 
sensitivity and NPV (subjective impression). Diagnostic 
accuracy varied from approximately 60% of correctly 
classifi ed LNs (shape, margins) through 73% (echo-
genicity, vascularization) to 82% (subjective impression).
For quantitative morphometric characteristics and 
age, the ROC analysis was performed (Table 3, Fig. 1).
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Lobular 6 8 1












Hypervascularized 2 13 1
Hypovascularized 0 10 4




Suspicious 18 23 7
Malignant 1 39 6
*c2-test, empirical p-value, 10000 Monte Carlo simulations
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Due to the limited diagnostic value of individual 
parameters, diagnostic value of their combinations was 
also estimated using the multivariate approach. For 
each set of predictors, an associated MARS model was 
generated. Th e classifi cation result of the fl exible dis-
criminant analysis for each regression model (confu-
sion matrix) was used to assess the predictive values of 
the models/variables (Table 4).
Among the combinations of the independent, 
quantitative morphometric predictors and demo-
graphic variables (model M1), gender, age, L/T ratio 
and long-axis diameter were suffi  cient for correct clas-
sifi cation of 88 (81%) of the LNs analyzed.
By combining qualitative nodal characteristics, 
subjective impression was the only signifi cant predic-
tor of cytology in the additive model (M2a). Exclud-
ing subjective impression, margins and vascularization 
(model M2b, Table 4) were the only remaining inde-
pendent predictors of FNAC, with 87 (81%) accurate-
ly classifi ed LNs. In both cases (M1, M2), a higher-
order model with pair-wise interactions did not im-
prove diagnostic value of the additive model.
Th e predictive value for the combination of signifi -
cant demographic characteristics, morphometric vari-
ables (M1) and qualitative features (M2b) is given in 
Table 2. Lymph node characteristics and their diagnostic value
Parameter Shape Margins Echogenicity Vascularization Impression
Sensitivity (%) 32 (21-45)* 44 (31-57) 76 (63-86) 63 (50-75) 100 (93-100)
Specifi city (%) 96 (85-99) 83 (69-92) 67 (52-80) 87 (74-95) 59 (43-73)
PPV (%) 91 (71-98) 77 (63-87) 75 (67-83) 87 (75-93) 77 (70-83)
NPV (%) 51 (47-56) 52 (46-58) 67 (56-77) 63 (55-71) 100
*95% confi dence interval; PPV = positive predictive value; NPV = negative predictive value


























6.1 mm 7.4 mm




Age (yrs) 0.66 0.004 69 (44, 85) 50 67
*Youden index; Sens = sensitivity; Spec = specifi city
Fig. 1. Receiver-operating-characteristic curve analysis; 
longitudinal (L) and transverse (T) diameter of the 
lymph node and age at examination (n=108).
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Table 4 (M3, additive model, 88% accuracy). For the 
higher-order model based on subjective impression 
(M1+M2a, M4), age (knot/cut off  50 years), male sex 
and L/T ratio (cut-off  1.52) signifi cantly increased the 
specifi city, mostly through reclassifi cation of suspi-
cious LNs. However, a trade-off  between diagnostic 
accuracy of the fi nal model (M4, 87% correctly cla-
ssifi ed LNs) and sensitivity was noted. Interestingly, 
5/6 false negatives belonged to lymphoproliferative 
disorders.
Th e small number of hematologic versus non-he-
matologic malignancies precluded any further analysis 
of diagnostic performance by cancer type.
Discussion
In the present study, the LNs of interest were situ-
ated primarily in the neck, then in the groin, and fi -
nally in the axillae. It has been previously shown that 
of all peripheral LNs, cervical LNs were most com-
monly identifi ed by both physicians and patients. In 
addition, over fi fty percent of lymphadenopathies have 
been located in the head and neck region16-18.
Th e long-axis and the short-axis diameters were in-
creased in malignantly altered LNs by FNAC. Similar 
fi ndings have been previously reported for malignant 
cervical LNs19,20. By contrast, although malignant LNs 
are usually larger than reactive ones, the reactive LNs 
can also be as large21. Diff erent studies used diff erent 
cut-off  values for the short-axis diameter in order to 
better distinguish malignant from benign nodes. It has 
also been argued that a higher cut-off  value reduces 
the sensitivity but increases the specifi city, and vice 
versa4,5,19,22,23. In addition, regional variations and age-
dependent histoarchitectural changes in human LNs 
have also been described.
In our study, the LNs with malignant cytology 
were mostly oval, as well as benign LNs. Th e majority 
of rounded and irregularly shaped LNs were malig-
nant by FNAC, an observation consistent with the 
previously reported studies8,23-25. Nevertheless, it has 
been reported that normal submandibular and parotid 
nodes, as well as the LNs related to some non-malig-
nant diseases such as tuberculosis7, are often round26,27. 
It has been well established that malignant LNs may 
have an oval shape in the early developmental stage26.
Th e shape of the LN is determined by its L/T ratio. 
Diff erent L/T ratios have been used to predict malig-
nancy7. A T/L ratio of >0.528 and L/T ratio under 1.5 
or 27 have been often used for this purpose. We con-
fi rmed the L/T ratio to be signifi cantly lower in malig-
nant LNs; however, there was a high overlap with be-
nign LNs. In close agreement, Podkrajsek et al. have 
suggested that the L/T ratio is the most reliable crite-
Table 4. Evaluation of diagnostic value, combined variables (fl exible discriminant analysis, multivariate adaptive 
regression splines, penalty = 3, backward method)
Parameter
Model
M1 b M2b b M3 b M4 b
Predictors Sex-male 0.47 Margins-irreg 0.67 Margins-irreg 0.64 Impression-mal 1.79
L/T ratio-2.7 0.79 Hypervasc 1.19 Hypervasc 0.8 Susp x Mal 1.1
Age-27 (y) 0.013 Hypovasc 1.23 Hypovasc 0.83 Susp x (age-50 y) 0.038
L-13 (mm) 0.036 Irreg vasc 0.85 Irreg vasc 0.65 Susp x (1.52-L/T ratio) 1.91
Intercept -1.59 Intercept -0.57 L/T ratio-2.7 0.46 Intercept -0.98
L-13 (mm) 0.034
Intercept -1.1
Sensitivity (%) 85 (74-93)* 77 (65-87) 87 (76-94) 90 (80-96)
Specifi city (%) 70 (54-82) 85 (71-93) 89 (76-96) 83 (69-92)
PPV (%) 79 (71-86) 87 (77-93) 92 (82-96) 88 (79-93)
NPV (%) 78 (65-87) 74 (63-82) 84 (73-91) 86 (75-93)
*95% confi dence interval; b = regression coeffi  cient, Hypervasc = hypervascularized; Hypovasc = hypovascularized; Irreg = irregular; 
L = longitudinal diameter; T = transverse diameter; Mal = malignant; Susp = suspicious impression; PPV = positive predictive value; 
NPV = negative predictive value
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rion to predict metastases in axillary LNs. However, 
with a cut-off  value of 1.2, the sensitivity was 46%, and 
the specifi city 91%29.
Regular margins are frequently found in both be-
nign and malignant LNs. Nevertheless, irregular mar-
gins have also been reported in benign, as well as in 
malignant superfi cial cervical LNs7,27,30. We found that 
irregular margins had high specifi city, but much lower 
sensitivity in predicting LN malignancy. Similar fi nd-
ings have been reported for metastatic cervical LNs30,31.
Th e benign LNs (by FNAC) typically had hyper-
echoic hilum and thickened cortex, and were vascular-
ized from the hilum to the periphery. Th e cytologically 
malignant LNs were mostly hypoechoic or heteroge-
neously structured, particularly in the neck region; 
however, the absence of echoic hilum was not diagnos-
tic of malignancy29,30. Hereby, heterogeneous LNs were 
almost exclusively malignant by FNAC, although rela-
tively few malignant LNs appeared heterogeneous. 
Similarly, heterogeneous echostructure was found to 
be highly suspicious of malignancy in a study of cervi-
cal LNs30, with high sensitivity and specifi city of 79% 
and 92%, respectively30.
In our study, the cytologically malignant LNs 
showed signifi cantly higher maximal cortical thickness 
compared to cytologically benign LNs. Similar fi nd-
ings have been reported for metastatic melanoma, as 
well as for breast cancer and metastatic underarm LNs. 
In those studies, cortical thickening of more than 3.8 
mm was associated with 56% sensitivity and 92% 
specifi city for metastatic disease21,32,33. Here, an overall 
diagnostic performance of cortical thickness appeared 
limited, with a similar trade-off  between the specifi city 
and sensitivity at the best cut-off  value.
Th e cytologically malignant LNs often showed 
normal vascularity, followed by various patterns of al-
tered vascularization. When present, altered vascular-
ization had a relatively high specifi city and PPV for 
malignant FNAC. Th e presence of peripheral blood 
vessels, irregularities and mixed vascularization in the 
LN has been considered a useful indicator of malig-
nancy in many studies. Peripheral and dislocated vas-
cularization, compared to the metastases without de-
tectable fl ow, has been considered an indicator of ear-
lier stages of metastatic changes34-36. 
Roughly, two groups of individual predictors could 
be observed: one characterized by a relatively high 
specifi city and PPV, but low diagnostic accuracy 
(shape, margins, vascularization); and the other by 
high sensitivity, NPV and moderate-to-high accuracy 
(subjective impression). Th e diagnostic power of the 
latter most likely refl ects its synthetic nature, by cumu-
lating the information on morphological alterations 
across the score of individual predictors: as a proof of 
concept, 98% of the cytologically malignant LNs 
showed at least one morphological alteration. Th e level 
of expertise, learning curves and institutional settings 
may all aff ect this process; however, demographics, 
prior history of malignancy, cancer type and pre-treat-
ment versus post-treatment evaluation probably also 
account for diff erent numbers of false-positive and 
false-negative results across the studies20,26,33,37. In sup-
port, a higher proportion of false positives, a measure 
of over-interpretation, was observed for suspicious 
LNs among women; in addition, some evidence for 
prior cancer history marginally aff ecting subjective 
suspicion was also noted. Consequently, the addition 
of sex and age to subjective impression considerably 
improved diagnostic accuracy and specifi city, princi-
pally through reclassifi cation of suspicious LNs. A 
trade-off  between the specifi city (+24%) and sensitiv-
ity (-10%) was noted, with the false negatives mostly 
confi ned to hematologic neoplasms. Otherwise, the 
combination of independent morphological and de-
mographic factors, as selected through multivariate 
(MARS) analysis, further increased diagnostic accu-
racy through judiciously increased dimensionality, 
without adversely aff ecting the specifi city or sensitivi-
ty. Non-linear relations and variable cut-off  values 
were common, important and often model-specifi c, a 
fi nding that may help inform the debate on their bio-
logic and diagnostic value.
Th e limitations of this study were as follows: I) 
modest size; II) inability to control for several poten-
tially signifi cant covariates; III) independent replica-
tion of the fi ndings is required, but missing; IV) we 
did not have another independent examiner for inter-
individual comparison; V) there was no histologic 
verifi cation of a LN; and VI) the results might diff er by 
classifi cation/regression method.
In conclusion, morphological characteristics of the 
LN play a signifi cant role in predicting malignancy, 
but no single characteristic has the absolute discrimi-
native power. Th e subjective impression exceeds diag-
nostic accuracy of other individual morphological fea-
tures. Th e combination of morphological characteris-
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tics and demographic features can increase diagnostic 
accuracy, but a compromise between the sensitivity 
and specifi city of the fi nal model is often inevitable.
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Sažetak
VRIJEDNOST MJERLJIVIH I NEMJERLJIVIH ZNAČAJKA 
ULTRAZVUČNOG PRIKAZA LIMFNIH ČVOROVA U OTKRIVANJU ZLOĆUDNOG ZAUZEĆA
T. Rotim, B. Kristek, T. Turk, D. Kretić, M. Perić, I. Pušeljić, T. Pandurović i M. Štefanić
Cilj istraživanja bio je odrediti dijagnostičku vrijednost i korisnost odabranih morfoloških značajka u predviđanju ma-
lignosti limfnog čvora (LČ) upotrebom B-moda, Dopplerova ultrazvuka i multivarijatnih postavka u tercijarnom radio-
loškom referentnom centru. U 123 bolesnika je učinjena ultrazvučno vođena aspiracijska punkcija i citološka analiza LČ 
vrata, pazuha i prepona. Svaki LČ je opisan uzdužnim/L i poprečnim/T promjerom, oblikom, rubom, ehogenošću, debljinom 
kore, vaskularizacijom i subjektivnim dojmom pregledavatelja. Unutar ograničenja citološke analize, izmijenjen oblik i vasku-
larizacija su imali visoku specifi čnost i pozitivnu prediktivnu vrijednost (>80%), dok je subjektivni dojam imao visoku osjet-
ljivost i negativnu prediktivnu vrijednost (100%) za malignost. Optimalne granične vrijednosti za različite značajke LČ 
 dobivene analizom ROC su bile 23 mm za uzdužni promjer, 11 mm za poprečni promjer, 2,19 za omjer L/T i 5,1 mm za 
maksimalnu debljinu korteksa. U multivarijatnoj analizi (adaptive regression splines, n=108) dodatak uzdužnog promjera, 
omjera L/T, dobi i spola semikvalitativnim obilježjima LČ značajno je povećao dijagnostičku točnost (88%), osjetljivost 
(rubovi + vaskularizacija, 87%) i specifi čnost (subjektivni dojam, 83%) konačnog dijagnostičkog modela. U zaključku, kom-
binacija morfoloških i demografskih značajka može poboljšati dijagnostičku točnost, obično uz kompromis između osjetlji-
vosti i specifi čnosti prediktivnog modela. Učinkovitost može ovisiti o razini stručnosti i institucionalnim postavkama.
Ključne riječi: Limfni čvorovi – anomalije; Ultrasonografi ja; Biopsija tankom iglom; Citodijagnostika; Prediktivna vrijednost 
testova; Hrvatska
